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L. , INTRODUCTION

. Carcinoma of the prostate, the most frequently diagnosed cancer in American males, continues to show
a steady increase in the annual incidence of newly diagnosed cases. This tumor is characterized by a
remarkably variable, often prolonged natural history. Five-year survival rates for patients with prostate cancer
range from 88% for those with localized disease to 29% for those with metastatic disease. The molecular basis
of these histologic changes and clinical outcome is not known. Analysis of molecular indicators of cell
proliferation or programmed cell death (apoptosis) will be of value in identifying patient subsets that may
require possible radiation dose escalation in order to achieve complete local control of prostate adenocarcinoma.
In this proposal, we selected Egr-1 gene as a molecular indicator to understand the radiation-inducible signal
transduction pathway leading either to growth arrest or cell death in prostate cancer cells. We specifically chose
Egr-1 because of the following reasons : (A) In normal prostate. upon orchiectomy (castration) Egr-1 was
rapidly induced and this led to apoptosis of androgen-dependent cells [5.11]; (B) Egr-1 gene has a radiation
inducible promoter and; (C) EGR-1 protein is a strong transcription activator of key genes involved in cell death
pathway. To support the above facts, it has been documented that cell injury caused by cellular response to
radiation leads to transient induction of Egr-1 within 0.5 to 3 hours of exposure to X-rays in the absence of new
protein synthesis [14]. Our published studies have demonstrated that Egr-1 (a pro-apoptotic transcription factor)
is a potential inhibitor of pro-survival factors such as NF«xB activity and Bcl-2 expression. Egr-1 was found to
mediate radiation-induced pro-apoptotic action via TNF-a [4] or Bax expression [10] or p53/Rb regulation [9]
(reviewed in [2]). In particular, Egr-1 was found to inhibit NFkB activity and directly upregulate Bax in mutant
p53 cell background. Further, our recent data has shown that Egr-1 may transcriptionaly upregulate Par-4
since DU-145 cells overexpressing Egr-1 showed elevated levels of Par-4 mRNA and protein (a putative EGR-
1 binding site is present in Par-4 promoter). Thus, these signaling events were concluded by extensive in-vitro
studies using prostate cancer cells as well as MEF isogenic cells from Egr-1 knock-out mice [9,10]. Together,
these observations strongly suggest that Egr-I induction is involved in radiation-inducible signal transduction.
External beam and brachytherapy are the most common treatment modality for the treatment of prostate
cancer. Because 50 to 60% of prostate cancer patients have histologically positive biopsies after radiation
therapy with an increased risk of local recurrence, distant metastases and death, the status of molecular events in
these positive histological biopsies needs to be elucidated. One such molecular events include the tumor
suppressor gene, p53, which is a potent transcriptional repressor of Bcl-2 [19], whereas, NFkB is potent
transcriptional activator of Bcl-2 [12,22]. On cellular insults, p53 represses Bel-2 [19] and simultaneously Bax
is induced by p53 [20] causing a change in the bcl-2: bax ratio leading to the culmination of downstream cell-
death processes. On the contrary, NFkB mediated induction of B¢l-2 protein will lower the Bax ratio leading to
enhanced cell survival. Many studies have shown that ionizing radiation decreases the Bcl-2 protein levels in
p53 wild-type cell lines causing enhanced cell death [6,23]. Whereas, in cell lines lacking wild-type p53 protein
function, radiation was found to upregulate NFkB activity and Bcl-2 expression [16]. In prostate cancer, loss of
p53 function and radiation-induced NFkB activity and Bcl-2 upregulation might together contribute towards
enhanced resistance to apoptosis [7,16]. Thus, through this signaling, the prostate tumors acquire “induced
radiation resistance” phenotype. Hence, it is imperative to identify other pro-apoptotic genes that can function
via a p53-independent mechanism to regulate NFkB activity and Bcl-2 expression and further to design novel
approaches to mitigate the expression of such anti-apoptotic genes and eliminate the “induced radiation resistant
phenotype” in prostate tumors. This “induce radiation resistance” phenotype is commonly prevalent in prostate
tumors as demonstrated by our previous findings that aberrant expression of EGR-1 protein in mutant form was
found to be a potential marker of radio-resistance in prostate cancer [3]. Based on the aforementioned
reasoning, it is hypothesized that in prostate tumors harboring dysfunctional EGR-1 protein, radiation will up-
regulate pro-survival genes and confer an “induced radiation resistant phenotype”. Overexpression or
restoration of EGR-1 protein function will inhibit radiation-induced pro-survival genes that will lead to
enhanced radiation-induced apoptosis and tumor regression. Thus, restoration of EGR-1 function coupled with
radiation will physiologically change the phenotype from “induced radiation resistance” to “hyper-radiation
sensitivity”. Together, these observations underscore the need to formally determine the physiological
significance of Egr-1 function in radiation treated prostate cancer cells using in-vivo prostate cancer models.




+To ascertain the feasibility of experiments required to address the questions proposed in our specific
aims, we conducted these studies to test the hypothesis we had proposed in this grant application. In particular,
we developed three methodologies that will be used in the course of our proposed study. The first methodology
we had standardized is acquisition of mouse prostate images by magnetic resonance imaging (MRI). The
second methodology is standardization of electro-mobility shift assay (EMSA, gel-shift) to determine the DNA
binding activity of EGR-1 protein in tumor specimens obtained from prostate cancer patients. And the third
methodology is standardization of transfection using EBS-CAT reporter plasmid in primary cultures of prostate
cancer xenografts. These results of our study may provide valuable clues that the loss of Egr-1 gene function
will result in enhanced tumor radio-resistance. '

II. BODY

Specific Aim-1: To determine the functional role of EGR-1 overexpression in the inhibition of
radiation-induced pro-survival factors such as NFkB and Bcl-2, and its’ impact on radiation response, as
judged by tumor regression, in nude mice xenografts developed by prostate cancer cell lines. EGR-1
overexpression will be achieved using adenoviral constructs such as Ad/GFP-EGR-1 and Ad/GFP.

Our previous studies have demonstrated in various prostate cancer cell lines and as well as isogenic cell
system that EGR-1 protein is a pro-apoptotic sensitizer of ionizing radiation [4,8-10]. The purpose of this study
was to evaluate the combination effect of radiation therapy and EGR-1 adenovirus gene therapy on the growth
of prostate tumors in nude mouse model. These tasks were studied using PC-3 p53 null prostate tumor cells
injected into nude mice. Tumor growth combined with radiation treatments and adenoviral injections of EGR-1
and subsequent evaluation of tumor volume was performed to assess the influence of EGR-1 expression in
radlatlon induced tumor growth regression. Nude mice (Nu/Nu) aged 4-6 weeks, were injected with 100 pl
5x10% PC3 cells subcutaneously on the medial side of the thigh, just above the level of the stifle. The animals
were observed for 3-4 weeks until the xenografts reached tumor volume of 0.5 cm®. In Trial I and 11, a total of
55 animals were randomized into 6 groups for the following treatment regimen: Group I parental xenografts
only with no treatments; Group II: parental xenografts treated with total of 20 Gy irradiation; Group III:
Ad/GFP injected xenografts only; Group IV: Ad/GFP-EGR-1 injected xenografts only; Group V: Ad/GFP
injected xenografts treated with total of 20 Gy irradiation; and Group VI: Ad/GFP-EGR-1 injected xenografts
treated with total of 20 Gy irradiation. Ad/GFP or Ad/GFP-EGR-1 constructs were injected into the tumor at a
dose of 10 pl equivalent to 100 MOI (3x10 pfu) at the first day of treatment, followed by 5 days of gamma
irradiation with 2 Gy dose per day using a "’ Cesium source with the whole body of the animal shielded by a 5
cm thick cerroband block and only the side of the thigh with the tumor was exposed. Following the next two
days after 5 days of radiation, the animals received two more injections with 10 pl (100 MOI) of Ad/GFP or
Ad/GFP-EGR-1 constructs into the tumor, which were subsequently treated with 2 Gy dose of gamma
irradiation for remaining 5 days. On the 14% day of treatment, the animals were injected one last time with 10 pl
of 100 MOI Ad/GFP or Ad/GFP-EGR-1 constructs into the tumor and were observed for the following two
weeks. Mice were euthanized on the 26 day of treatment for tissue harvest. Tumor volume assessment was
done and plotted into a graph to compare different treatments. No differences were observed between Group I
and III, suggesting that Ad/GFP alone did not exert any tumor regression effect. However, when compared to
Group IV and I, Group II and Group V showed modest regression but was not significant suggesting that
Ad/GFP-EGR-1 alone did not confer tumor regression. Interestingly, when Ad/GFP-EGR-1 was combined with
radiation, an initial significant enhancement of tumor regression was observed followed by prolonged tumor
growth delay (p<0.0001) (Figure 1). The survival rates of the animals treated with Ad/GFP-EGR-1 plus 20 Gy
irradiation were 100% at day 37 from the onset of treatment compared to the other treatment groups.
Histological analysis of tumors excised at the termination of the treatment revealed a significant increase in
number of apoptotic cells as a result of dynamic changes in EGR-1 pro-apoptotic target genes. One major
concern from this observation was that the Ad/EGR-1 gene therapy promoted tumor growth when compared to
Ad/GFP alone. It is known that Egr-1 regulates the expression of TGF-B protein [18]. Recently, it was
demonstrated that in metastatic PC-3 cells, exposure to exogenous TGF- B causes increased cell adhesion [15].
This increase cell adhesion may have led to an increase tumorogenic growth in the PC-3 xenografts treated with




Ad/GFP-EGR-1. Altogether, these results imply similar results as observed in in-vitro studies, strongly
sugggg{t\ing that Egr-1 is pro-apoptotic sensitizer of radiation in prostate cancer.
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Our previous in vitro study showed that adenoviral overexpression of Egr-1 potentiates radiation-
induced cell death [2]. To understand the mode regression in the PC-3 xenografts, tumor specimens were
harvested in each treatment group three after the last treatment. The percent of TUNEL positive cells obtained
from all groups was normalized to the parental group received no treatment (Figure 2). No difference in
apoptosis initiation was observed in Group III and IV suggesting that adenovirus therapy alone does not causes
enhancement of cell death. However, when compared to Group II and VI obvious increase of apoptotic
incidence with maximal percentage of apoptotic cells in Group VI was demonstrated. There was a modest
difference in percentage of TUNEL positive cells between group II and V. These results correlate with
regression of prostate tumor xenografts in the xenografts treated with combination of ionizing radiation and
adenovirus.

Western blot analysis was performed using total protein lysates from the untreated and treated tumor
tissues to assess the gene signaling cascades induced by radiation plus adenoviral gene therapy. The probes used
in this study were Egr-1, Bcl-2, p21 and B-actin (data not shown because it is currently under analysis).

Specific Aim-2: To determine the relative effect of radiation on the regression of prostate
carcinoma in-situ in TRAMP mice versus TRAMP/Egr-1"" mice.

Tumor xenograft model is one of long-standing pre-clinical screening model to set the stage for clinical
trials. However, they do not closely mimic to in-situ tumor situation. In-situ tumor model such as “Transgenic
Adenocarcinoma of Mouse Prostate (TRAMP)” has been extensively used in understanding the prostate tumor
biology [13]. Further, Milbrandt’s group from Washington University at St Louis developed the Egr-1 knock-
out mice [17]. Recently, it was shown that cross-breeding of Egr-17" mice with transgenic mouse models of
prostate cancer such as CR2-T-Ag and TRAMP mice caused a significant delay from PIN to neoplasia of
prostate [1]. Once the prostate tumor was developed, no differences in the tumor growth were observed. Using
a similar cross-bred model between Egr-17 and TRAMP, we propose to study the functional role of Egr-1 in
regulating radiation sensitivity in an in-situ tumor situation since in humans, the prostate tumors lack EGR-1
function [3,21]. To perform these experiments, the transgenic TRAMP mice breeders and Egr-1 knock-out mice
breeders were obtained from Dr Greenberg and Dr Milbrandt respectively. These are being cross-bred to obtain
sizable Egr-1"/TRAMP population. Currently through this mode breeding we have TRAMP -/-, Egr-1 +/-
(0=2); TRAMP -/-, Egr-1 +/+ (n=3); TRAMP +/-, Egr-1 +/+ (n=9); TRAMP +/-, Egr-1 +/- (n=10); TRAMP +/-,
Egr-1 +/+ (n=2); TRAMP +/+, Egr-1 +/- (n=4); TRAMP +/+, Egr-1 +/+ (n=6). The cross-breeding data are
given in Table 1.




Table 1. Mouse cross-bread TRAMP/Egr-1 population.

. DoB gender genetic profile
5/7/2003 F TRAMP +/-EGR +/-
5/8/2003 F TRAMP +/-, EGR +/-
8/8/2003 F TRAMP -/-, EGR +/+
8/9/2003 F TRAMP -/-, EGR +/+

10/22/2003 F TRAMP +/-, EGR +/-
10/15/2003 F TRAMP +/-, EGR +/+
10/16/2003 F TRAMP /-, EGR +/+
10/17/2003 F TRAMP +/+, EGR +/+
8/21/2003 M TRAMP +/-, EGR +/-
8/22/2003 M TRAMP -/-, EGR +/-
9/23/2004 M TRAMP -/-, EGR +/-
9/23/2004 M TRAMP +/+, EGR +/+
8/27/2003 M TRAMP +/-, EGR +/-
6/14/2004 F TRAMP +/- EGR +/-
6/14/2004 F TRAMP +/+ EGR +/+
9/23/2004 F TRAMP +/+ EGR +/+
9/23/2004 F TRAMP +/+ EGR +/+
6/14/2004 M TRAMP +/- EGR +/+
6/15/2004 M TRAMP +/+ EGR +/+
6/16/2004 M TRAMP +/-, EGR +/+
6/17/2004 M TRAMP +/-, EGR +/-
6/14/2004 F TRAMP +/+ EGR +/-
6/15/2004 F TRAMP +/+ EGR +/-
5/27/2004 F TRAMP +/+ EGR +/-
5/28/2004 F TRAMP +/+, EGR +/-
5/29/2004 F TRAMP +/- EGR +/+
9/24/2004 M TRAMP +/- EGR +/+
9/25/2004 M TRAMP +/- EGR +/+
9/26/2004 M TRAMP +/- EGR +/+
9/27/2004 F TRAMP +/-, EGR +/-
10/17/2004 F TRAMP +/-, EGR +/-
10/172004 F TRAMP +/-, EGR +/-
10/17/2004 M TRAMP +/- EGR +/+
10/17/2004 M TRAMP +/- EGR +/+
10/17/2004 M TRAMP +/- EGR +/+
10/17/2004 M TRAMP +/- EGR +/+

Further, to monitor in-situ tumor regression and tumor growth delay in TRAMP mice, we developed a
magnetic resonance imaging technique to acquire prostate images. These prostate images will be used for
volumetric measurements and treatment planning for external beam radiation. Thus, we plan to irradiate in-situ
prostate tumors and monitor the tumor regression pattern in Egr-1 positive and negative TRAMP tumors. Data
pertaining to acquisition protocol of mouse prostate images by MRI is given below. Images were acquired on
mice using a 1.5T Siemens Vision imager. The animals were anesthetized with ketamine and placed in a
Plexiglas holder so that the lower quarters of the animal were placed inside a 2.5 cm diameter surface coil held
vertically. MR visible fiducials were placed on the belly of the animal to aid in the treatment planning. The
animal was held in place by clamping its legs in appropriately machined grooves in the Plexiglass holder but
other wise no further restraint was used. After localizer images identified the region of interest a high-resolution
three dimensional, spoiled gradient echo image series was acquired to visualize the location and dimensions of
the tumor. The images had acquisition parameters of TR/TE/a= 25 ms/11 ms/ 30°, The image dimensions were
80x80x40 mm and were acquired with a 256x256x80 matrix to produce images with an inplane resolution of




0.3125x0.3125x 0.500 mm. Before imaging the animal, Gd-DTPA (0.1 mmol/kg) was injected into the tail
vein. The contrast agent accumulated in the bladder and permitted easier identification of the bladder. Images
were reformed to sagittal sections using software on the imager and sent via the hospital’s PACS network to the
radiation therapy treatment planning computers. To better visualize the tumor we also acquired diffusion
weighted images with diffusion weighting of b=0 and 222 mm?/sec. From these images apparent diffusion
coefficient (ADC) images were calculated on a pixel-by-pixel basis (Figure 3). Tumor volume characterization:

MR images of the mouse prostate were downloaded to a commercial 3D treatment planning system
(CMS FOCUS, Computerized Medical Systems, St. Louis MO) for volumetric and depth analysis. The
downloaded images consisted of coronal views of the prostate region. Contours of the identified normal
prostate was done by Dr. Rowland. Volume information was then extracted utilizing the Dose Volume
Histogram (DVH) utilities provided in FOCUS (Figure 4). We have confirmed with MR imaging prostate
tumors in 3 male TRAMP mice. The mice were treated with single beam radiation. The radiotherapy schedule
consists of a total 20 Gy dose of radiation and was given in 2 Gy fraction per day for 10 days. MR images were
taken one week after last dose irradiation and tumor volumes were calculated from MR images and plotted into
a graph for comparison with the volume before treatment. TRAMP 7 was imaged at 28 weeks of age and had a
large prostatic tumor with 3.00 cc volume. This mouse died after second 2 Gy fraction due to bleeding in the
tumor. TRAMP 8 was imaged at 28 weeks of age and had prostatic tumor with estimated volume of 0.55 cc.
After radiotherapy, the in-situ prostate tumor regressed to a volume of 0.08 cc. TRAMP 12 was imaged at 32
weeks age and had prostatic tumor with estimated volume of 0.36 cc. After radiotherapy, the in-situ prostate
tumor regressed to a volume of 0.06 cc (Figure 5). These images, tumor volume measurements and radiation

treatment planning validate that we have put together an expert team to achieve the objectives proposed in the
aim 2.

Figure 3. Coronal image of
mouse normal prostate acquired

by MRI showing b!adder (B), Figure 4. Coronal MR images of the abdomen of a normal mouse. The
prostate (P) and testis (T). The arrow in the image points to the prostate just caudal to the bladder. Image

distorted image above is _CaUSffd on the right shows the user-defined overlay on the prostate to estimate the
due to respiratory motion in prostate volume.

mouse under anesthesia.




Figure 5. Prostate in-situ tumor volume
before and after radiation therapy.
TRAMP 7 : - TRAMP 7 died during radiation therapy.
. L1 R The tumor volume is marked in red.
EGR-1 DNA binding and EBS-CAT
reporter activity in xenograft prostate
tumors. We recently reported that
prostate tumors overexpress EGR-1
protein in mutant form and correlates
with treatment failure [3]. Because of
mutation, the EGR-1 protein might lack
transactivation function and this loss of
function may lead to accumulation of
S e L EGR-1 protein.

This is supported by a recent study in which the function of EGR-1 in benign and tumor regions of prostate is
due to the difference in the association of EGR-1 with microtubules, which is exclusive to the benign cells of
the prostate and is requisite for the nuclear translocation and transcriptional activity of EGR-1 [21]. Further, this
study demonstrated that the differences in EGR-1 expression between benign and malignant prostate cells
extend beyond cellular levels, which was confirmed by immunohistochemistry in human tissues (obtained as a
control from the University of Kentucky tissue bank, since this study does not involve the use of human
specimens). By gel-shift analysis using a 2x EGR-1 binding site oligo probe, we found that neither the benign
tissue nor the tumor tissue of prostate showed EGR-1 DNA binding activity (Figure 6). However, by
immunohistochemistry, EGR-1 protein was significantly overexpressed in the control human tumor and was
absent in the control benign tissue. These results indicate that lack of basal level of EGR-1 protein in benign
prostate may attribute to lack of EGR-1 DNA binding activity. However, in xenograft tumor tissue, EGR-1 was
significantly overexpressed by adenoviral EGR-1 injection and EGR-1 DNA binding activity was present
suggesting that the overexpressed EGR-1 protein in xenograft tumor harbors DNA binding function. This
finding may not necessarily infer on the EGR-1 transactivation function. To further ascertain, we established a
methodology to assess the endogenous EGR-1 function using 3XxEBS-CAT reporter transient transfection
system combined with ionizing radiation to induce the endogenous EGR-1 transactivation function. This was
tested in PC-3 tumor xenograft tissue and primary cultures of normal and tumor of the prostate. The PC-3
xenograft tumors infected with Ad/GFP or Ad/EGR1-GFP and 24 hours later primary cultures from these tumor
xenografts were established in RPMI supplemented with 3% fetal calf serum. After 48 hours, these cultures
were transiently transfected and irradiated after 24 hours and cells were lysed using freeze-thaw technique to
assess the CAT activity. The results in a figure form are not shown here due to weak autoradiography results.
However, the weak autoradiography findings suggest that adenoviral EGR-1 infected and / or irradiated tumor
primary cultures showed increased acetylation conversion than the non-irradiated or adenoviral GFP infected
primary cultures of PC-3 xenografts.
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III. KEY RESEARCH ACCOMPLISHMENTS

1. Adenoviral EGR-1 gene expression is a potent sensitizer of radiation in regressing prostate cancer
xenografts in nude mice.
2. Radiation sensitization by adenoviral EGR-1 gene therapy was found to be associated with enhanced

in-situ tumor apoptosis.

3. Established EMSA and reporter CAT activity protocol to assess the EGR-1 transactivation function
in-situ tumors infected with Ad/EGR-1 or Ad/EGR-1 plus radiation therapy (method
accomplishment).

4, MRI based imaging of mouse prostate was established (Imaging Protocol accomplishment)
Established external beam radiation treatment planning protocol to irradiate mouse prostate tumors.

b

IV. REPORTABLE OUTCOMES

Since the granting period, we have presented the results in two conferences and we are in progress for
completing a manuscript for publication. These reportable outcomes were pertaining to the findings of specific
aim 1. The details of the presentation and manuscript are given below:

Presentation
1. Marianna Sultanov, Neviana G. Dimova and Mansoor M. Ahmed. Adenoviral overexpression of
EGR-1 enhances the effects of ionizing radiation on prostate cancer xenografts. 95™ Annual Meeting
of the American Association for Cancer Research, Orlando, Florida. March 2004.
2. Dimova, N. and Ahmed, M.M. Adenoviral overexpression of EGR-1 enhances the effects of
ionizing radiation on prostate cancer xenografts. Presented at Gordon Research Conference on
"Radiation Oncology" (January 2003) at Ventura, CA.

Manuscript in preparation

Sultanov, M. and Ahmed, M.M. Adenoviral overexpression of EGR-1 enhances the effects of ionizing
radiation on prostate cancer xenografts. (In preparation).

V. CONCLUSIONS

The major conclusion of specific aim 1 demonstrated that EGR-1 in combination with radiation significantly
regressed the PC-3 tumor cell line xenografts. These findings show similar results as our previously reported in-
vitro studies, strongly suggesting that Egr-1 is a pro-apoptotic sensitizer of radiation in prostate cancer. Studies

are in progressing to understand the gene signaling mechanisms underlying the radio-sensitizing effects of
adenoviral gene therapy.
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ADENOVIRAL OVEREXPRESSION OF EGR-1 ENHANCES THE EFFECTS OF
IONIZING RADIATION ON PROSTATE CANCER XENOGRAFTS

Neviana Dimova and Mansoor M Ahmed
Department of Radiation Medicine, University of Kentucky, Lexington, KY.

The purpose of this study was to evaluate the combination effect of radiation
therapy and EGR-1 adenovirus therapy on the growth of prostate tumors in nude mouse
model. These tasks were studied using PC-3 p53 null prostate tumor cells injected into
nude mice. Tumor growth combined with radiation treatments and adenoviral injections
of EGR-1 and subsequent evaluation of tumor volume were performed to assess the
influence of EGR-1 expression in radiation-induced tumor growth regression. Nude mice
(Nw/Nu) aged 4-6 weeks, were injected with 100 ul 5x10° PC3 cells subcutaneously on
the medial side of the thigh, just above the level of the stifle. The animals were observed
for 3-4 weeks until the xenografts reached tumor volume of 0.5 cm’®. At this time, a total
of 25 animals were randomized into 5 groups for the following treatment regimen: Group
I: Ad/GFP-EGR-1 injected xenografts treated with total of 20 Gy irradiation; Group II:
Ad/GFP injected xenografts treated with total of 20 Gy irradiation ; Group III: Ad/GFP-
EGR-1 injected xenografts only; Group IV: Ad/GFP injected xenografts only and ; Group
V. parental xenografts only with no treatments. Ad/GFP or Ad/GFP-EGR-1 constructs
were injected into the tumor at a dose of 10 pl equivalent to 100 MOI (3x10°® pfu) at the
first day of treatment, followed by 5 days of gamma irradiation with 2 Gy dose per day
using a "7 Cesium source with the whole body of the animal shielded by a 5 cm thick
cerroband block and only the side of the thigh with the tumor was exposed. Following the
next two days after 5 days of radiation, the animals received two more injections with 10
pl (100 MOI) of Ad/GFP or Ad/GFP-EGR-1 constructs into the tumor, which were
subsequently treated with 2 Gy dose of gamma irradiation for remaining 5 days. On the
14" day of treatment, the animals were injected one last time with 10 ul of 100 MOI
Ad/GFP or Ad/GFP-EGR-1 constructs into the tumor and were observed for the
following two weeks. Mice were euthanized on the 26™ day of treatment for tissue
harvest. Tumor volume assessment was done and plotted into a graph to compare
different treatments. No differences were observed between Group V and IV, suggesting
that Ad/GFP alone did not exert any tumor regression effect. However, when compared
to Group IV and V, Group II and Group III showed modest regression but was not
significant suggesting that radiation or Ad/GFP-EGR-1 alone confers tumor regression.
Interestingly, when Ad/GFP-EGR-1 was combined with radiation, a significant
enhancement in tumor regression was observed till 26 day (p<0.0001). Thus, the results
of this study demonstrated that EGR-1 in combination with radiation significantly
regressed the PC-3 xenografts. These findings imply similar results as observed in our
reported in-vitro studies, strongly suggesting that Egr-1 is pro-apoptotic sensitizer of
radiation in prostate cancer.




~193ued Aejsord ur uoyeIpel Jo IzPISUIS dp0ydode
-o1d & st uyoad [-¥ynq yey) 3unsassns L[3uoa)s ‘sapnis ouna-uy

paytodaa ano uy paAIdsqo se sypnsaa sepuns Ajdun s3uipuyy asoy g,

spyeaSoudx

€-7)d 393 passaafau ApuedyruSis woeIped YHM UORUIqUIOd  UE

Ade1ay) duas [-YOF ILY) PIJEIISUOWIP ApnJs SIY) JO SHNSAE AL,

NOIS'TONODO

sfeq
$9 S SP L& vT Il €L S i
:
=
&
e
A9 0T —o— .mu
LON —O— e
=
ddopY —>— 5
£AD 0Z+ dIDPY ——
A9 0Z+ 1UDT-dINPY —B—
Lt keq
1 Aeg

SjRM T € k4 1 0
[ RATAL

T T T 8

SR T € k4 T 1)
L I | I ] sdaoun

01

M e =

SR P € T 1 [}
i 1 ] | ] sagous
1 B ot
SHR¥M F € K4 L [
1 1 ] ] } 11 d20u
t it | e
P F £ (4 1]
] I 1 ] O
ity iy -
SYPM ¥ £ z ¥ [}
L 1 1 ] ) raaoun

——

NODISHA
TVINHNITAdXH

*Knfur uonerpes o3 ssuodsas o1dGouayd [19o Sunenm: sjusas Suijeusis
ol pajui] usaq sey 7-487y7 ‘shemyied uoponpur oUNSIP 35y YSnoayL
aaowond a[qianpul-uonelpel ) siogrey 31 SojeinSar [evondussuen
[enustod e Suteq woy wede 7-87 ‘A(peuonippy ‘Aemyied yesp jje2
31} Ul PAAJoAUI S3USE £33 Jo Joteanse uonduosuen Suons e s wijosd

1-¥40d D ‘pue uoissaidxs [-YOH pasealoul vom_ﬁo uoneIpe: mENEo_

“sIsayIuAso1q YN Ul [eIomd 9wkzus ue ‘aseuny auipiwAiys (p) pue ‘sel-1)-o pue [
uljo4o ‘gy suad Ajiqud i ay} se yons n8a1 2940 [joo (0) ‘i0ydesas
-103 10 ‘4949 ‘11-30]1 ‘8-19dd PUe V-3DAd “©-ANL ‘[g-4DL St yons ‘s103daoa1 siays Jo
s10j0ej ymoid (q) ‘LLUNIN PUB DXIA St yans ‘siojoey uonduosues (2) ;o suoiSas sejowoid
21y} UI PAYNUIP! Uaq sey ‘0usnbas el SNSUSSUD You-30 [-YHF YL ‘suioid Suipuiq
VNA Apweyod 2y jo suonoury Kojendos jeuonduosues oY) SOUIULIORP IX9IU0D
Tenjjao oyl Jey) isedSns sSuipuyy sy, “uondussuen ausd jo ojendal aanedau 1o sanisod
v se oAByaq Aew |-yDJ ‘adf) [90 oY1 uo Suipuods "sionnsuoos Japodes ur souanboes
SNSUISUOD You-)0) awes oy o) Sulpuiq el Sunoe oq ‘tossardar jeuonduosuen € ST 1M
seazoym ‘uondudsuen jo Jojeande sanisod e 9q 01 punoj sem [-YDF “J03oey uondudsuen Jo
Ajurey S Wm Jey 9jou 01 SuNsaIouI S1I] "UONDUNY UORRANDESURT IDJUOD SPIOE oulUE
SnuIUUI-CHN Y1 seassym ‘uonoury Suipuiq YN J9Juoo jnow safuy ourz oyl unninsuod
spoe ounwe 2y Jey 1sa88ns upioxd [-yog uo saprgs Suiddew uonoung-aimonng
-adA1qns ) atp Jo s1eBuy dulZ 391) SUIRIUOD Yorym ‘ulajoud Jeajonu e st ‘[-yOF Jonpoid
suaf [-487 YL "souanbas YN SNSUSSUOD YIL-)O) IUIES A OF SPUlG pue urewop Jofuy
surz ay) Suprynsuod spide oupwe ays ul ASojowoy Jo aa1Fep ySy smoys Awey L7 oYL,
1LM ‘wnpoid ausS Jowm suijipg “ossaiddns Jowm oyl pue ‘0-yYOF paynuspl APusosl
puz ‘O-LION ‘e-¥DH ‘(bvZ-¥onD) T-YOH ‘[-4DF sopapur Ajturej U8 YOI ML

‘selpurey (YOR) esuodsal pmosd Kj1es pue sof 10 unf jo
S19qUIOW SPRPUL S, ‘siojoey uonduosue) Se UOHOUNY 18yl SausT Apes-ajeIpawws uelsy
JO uonEANIE i pateidosse st aInsodxs uoyeipes Suiziuo] eap oo onopdode 03 Suipes)
SJU2AD 9Y3 01 }nqLyuco Kew YoM Jo spnpoad 3y ‘souad o1310ads Jo uoissadxs sy s
uonelpes Suiziuoj ‘uoneipel o) ansodxe Summoljo] swasAs Jowry [EuRWLAAXS Jo AoureA
® ut papodal uaaq ospe sey siso)dody ‘sreudis ouordode asiaalp 03 uowwod syusuedwod
101919 WLANSUMOP JO PUE S10onput Jo dnoiS 10 15onpul we 1oy oyioads sjuase .a_:uu_oE
sapnjour Jey Jueuodwod Apres ue Jo sist A d dode ayy T
-01d o Jeudis jey) souad Ien[[eo jo uoissaidxa JaA0 v..a mcazs_:: Aq axnmboe E&o siourm
yowm  ‘sisoydode o Yus ylm SIJB[PLIOd SSoudAlssaidBe sown]

aNnouDNIOVva

“199UED
ur 1J0 1 dode-oid e s1 {-133 1ey SunsoFSns £[Suons ‘ssrpms
oya-ut uu:oao._ bmuoSua 1IN0 SE SYNSal JejIWIs Moys sSutpuy 9say], “syeiSousx ¢-0d Yyl
passaufor ApuesyiuSs UOHRIPRI (M UOKEUIqUIOD Ul [~ 18y pojeusuowsp Apms sip jo
synsa1 ag; ‘snyL  (1000°0>d) Aejop yamois Jowm Suoj £q pamo[[0] PaAlasqo sem uolssaIBal
JowWwNy JO JUDWAdUEYUS JULdYIuSIS [eNIul Ue UOPEIPE (Pim PIUIQWOd sem [-¥DT-dIO/PV
usym ‘Kjfunsaionu] ‘uoissardol Jowny JaJuod jou PIp suofe [-YDH-dIO/MY ey SunsaSSns
JuedyuSIs Jou sem Inq uoIsSaIBal Jsapowr pamoys A dnoiny pue I dnoin ‘f pue Al dnoip
0} parediwos usyM ‘IOAMOH "193)39 UoIssaIfal Jowmny Aue 1ISX3 J0U pIp Suofe JJO/PY Byl
SugseS8ns ‘[ pue ] dnoiD) USIMIIG PIAIISQD 1M SIOUAINJIP ON 'SYa9m  Suimoljoy ayl
10J PIAISSGO 9J9M pUE STUIAOUIPE [-YOH-dAD/PV 10 dID/PV JO IO 001 JO 950p [esowm
<eljul [EULy B Yim p2)osful s1om s[ewiue 31 30 Aep yii AP uQ “shep ¢ oy Aep
15d uoneIpel Jo Isop AD 7 M pajean Apusnbasqns s1om A1) pue ‘JOLUN] AU} 0JUI SIONNSUO
[ENAOUSPE [-YOF-dAO/PY 10 dID/PV JO IO 001 JO SUOHII(UL 2IOUN M3 PIAINII S[RUIUE
ay ‘sAep pg pue L UQ 'sArp § JoJ Joumy ot o3 Kep 1od IS0 UOREIPEI A9 T £q Pamo]I0)
Jusunean Jo Aep 1515 oy 18 (N4d §01¥€) IOW 00T JO 250p © 32 Jown 3y ojut pajoafur
Q1M S1ONASUCd _.mwm.mm0%< 10 JIO/PV  UOHEIPEL} AD (T JO 35OP [70) WM pajean

Y papaful 1-¥DF-dAO/PY ‘IA dnoID pue tuopelpewn 4D 0T JO S0P [EIOY UM

q

s s

‘S92 Jo sadfy jsowr uy ‘g S[|90 ISP Jo

0} pa| si pue paonpul K|pides sem {-487 Accunamnov >ESouESo
uvodn ‘o)essosd [eunsou uf Yy esnedaq (-£37 9soyd  A[[esrzioads
oM S|[90 Iooueo aeisord U peSp [[90 JO ISR moIR OF e
Supeaj d JeuSis jquonput 1pes 3y puejsiopun

I Hotp

SL1ASHA

0 Ipu1 Je[noojow ¢ se ouad 7-487 paajes am ‘Aprgs siy uf

paean syeifouax vﬁou?_ d30/pV A dnoin ‘Kuo syeiSousx paroafur [-YOF-dIO/PV ‘Al
dnosp ‘Kjuo syesSouax parpaful J30/pY 111 dnoin ‘uoneipeul A0 (7 JO 9SOP j2I0} Yim Auo
syesSousx epuased (1 dnoin ‘sjusunean ou Yim Ajuo syerSousx jeiuared i dnoln juswidsx
juounesn Juwmo[[oj syl 10) pauSisep a1om sdnosd xig -ou [199 Jowry ymsoxd jnu ged
© ‘g=Dd Suish [opow asnow apnu Yy Ul slowny 33ess0d Jo ymoId sty uo Adessy; snitaouspe
1-dOH UOHEUIGUIOD U UOLIBIPRI JO 109J 3y} J)en[ead 0} seam Aprgs sip Jo ssodind ay g,

LOVILSAV

A ‘uoSurxeT ‘Aomuay Jo ANSISAIUN ‘QUISIPIA uonrIpey Jo Juswiiedsqg

PAWIY “JA JOOSUEJN PUE BAOWI(] BUBIASN

SLAVIADONAX YADNVI HLV.LSOUd NO NOLLVIAVYH ONIZINOI 40
SLOAAAT HH.L SHONVHNHA 1-4DH 4O NOISSTAIXHIITAO TVHIAONAAY




+

#5016 Adenoviral overexpression of EGR-1 enhances the effects of ionizing
radiation on prostate cancer xenografts, Neviana G, Dimova and Mansoor M.
Ahmed. University of Kentucky, Fexingron, KY.

The purpose of this study was to evaluate the effect of radiation in combination
EGR-1 adenovirus therapy on the growth of prostate tumors in the nude mouse
modct using PC-3, a p33 null proseaxe tumor cell line, Six groups were designed for
the following trcatment regimen: Group I: parental xenografts only with no treat-
ments; Group [z parental xenografis only with 1otal dose of 20 Gy irradiation;
Group TIT: Ad/GEP injected xenografrs only; Group IV Ad/GFP-EGR-1 injected
xenografts onlys Group Vi Ad/GED injected xenografts treated with ratal dose of 20
Gy irradiation: and Group VI Ad/GFP-EGR-1 injected xenografis treaced wich
to1al dose of 20 Gy irradiation. Ad/GFP or Ad/GFP-EGR-1 construces were in-
jected into the mumeor at a dose of 100 MOL (3x108 PFL)) ac the first day of
treaument, followed by 2 Gy radiarion dose per day 1o the tumor for 5 days. On 7th
and 8th days, the animals received two maore injections of 100 MO of Ad/GFP or
Ad/GFP-EGR-1 adenoviral constructs imo the tumor, and they were subsequendy
treated wich 2 Gy dose of radiation per day for § days, On the 14th day of rrearment,
the animals were injected with a final incra-tumoral dose of 100 MOT of Ad/GFP or
Ad/GFP-EGR-1 adenovirus and were observed for the follawing 4 weeks. No
diffcrences were observed beowveen Group Tand 11, suggesting that Ad/GFP alone
did nat exert any tumor regression effece, However, when compared 1o Group [V
and 1, Group 1T and Group V showed modest regression but was not significanc
suggesting chat AJ/GFP-ECGR-1 alone did not confer cumer regression. Tnterest-
ingly, when Ad/GFP-EGR-1 was combined with radiation, an initial significant
enhancement of twmor regression was obscrved ollowed by long rumor growth
delay (p<().0001).h'hc survival rates of the animals rreated with Ad/GEP.EGR-1
and 20 Gy irradiation were 100%% at clay 37 from the onset of creatment compared
to the other weatment groups. Histological analysis of cumors excised at che rermi-
nacion of the treatment revealed a significant jncrease in number of apoprotic cells
as well as 2 resule of dynpamic changes in FGR-1 pro-apoprotic rarger genes. In
conclusion the results of this study demonstrated that FGR-1 in combination with
radiation significantly regressed the PC-3 xenografts. These findings show similar
resules as our previously reported fu-wirre studies, strongly suggesting chat Bgr-) is
a pro-apoprotic sensitizer of radiation in praseate cancer. (Supporred by DOD
post-doctoral award 2003),
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